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Abstract:  
             Composite materials (e.g. carbon fiber reinforced polymer CFRP) are increasingly used for critical 
components in several industrial sectors (e.g. aerospace, automotive,…). A major challenge is the 
detection of internal damages in these composites which may have occurred during manufacturing or 
during operational life. 
 
One possibility for damage detection in thin-walled composite structures is to analyze the elastic 
wave propagation (typical frequencies are in the 100 kHz range) measured on the surface. The elastic 
waves are bounded by the structure’s surfaces and referred to as Lamb waves. Many different wave 
actuation and sensing configurations are possible combined with advanced data processing methods. In 
this study, a single piezoelectric actuator is used for excitation combined with a 3D scanning laser Doppler 
vibrometer to measure the resulting full wave field. Experiments are conducted for CFRP coupons 
samples with flat bottom holes and barely visible impact damage, as well as for an actual industrial CFRP 
aerospace component with backside stiffeners. 
 
 Multiple data processing strategies are used to convert the measured wave field to a damage 
index map. The strategies are based on methods available in literature combined with in-house 
developed algorithms. This includes both wave filtering techniques (reflection filtering, mode filtering, 
wavenumber filtering, …) and damage identification techniques (weighted root mean square calculation, 
local wavenumber spectroscopy, …). For each processing technique, the damage identification and 
localization performance is critically evaluated. For illustration, Figure 1 shows the detection of flat 
bottom hole in a CFRP plate by calculation of the root mean square of the wave field signal over time. 
 
 
Figure 1: Illustration of  full wave field processing for detection of a flat bottom hole in a CFRP plate. 
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